TITLE OF THE INVENTION 
X-RAY DIAGNOSIS APPARATUS AND 
METHOD FOR OBTAINING AN X-RAY IMAGE 



CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application is based upon and claims the benefit of priority from prior Japanese 

Patent Application No. 2003-35569 filed on February 13, 2003, the entire contents of which 

are incorporated herein by reference. 

FIELD OF THE INVENTION 
[0002] The present invention relates generally to an X-ray diagnosis apparatus including a 

plurality of imaging systems and a method for obtaining an X-ray image. 

BACKGROUND OF THE INVENTION 
[0003] As shown in FIG. 1, a biplane X-ray imaging apparatus (mainly developed for cardio 

vascular inspection) has two imaging systems to perform imaging from two directions 

simultaneously. One imaging system has a front imaging system 1 including an X-ray tube 3 

and an X-ray detector 4 for obtaining an image of a patient on a plate of a bed from a front 

side. The other imaging system has a lateral imaging system 2 including an X-ray tube 5 and 

an X-ray detector 6 for imaging the patient from a lateral-side. 

[0004] In the biplane X-ray imaging apparatus, the X-rays generated from the X-ray tube 3 
of the front imaging system 1 pass through the patient P to directly enter the X-ray detector 4, 
and also reflect to enter the X-ray detector 6 as scattered X-rays. Similarly, the X-rays 
generated from the X-ray tube 5 of the front imaging system 2 pass through the patient P to 
enter the X-ray detector 6, and also reflect inside the patient P to enter the X-ray detector 4 as 
scattered X-rays. 
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[0005] Therefore, in an imaging sequence, as shown in FIG. 2 and FIGS. 3A-3D, when the 
X-rays are generated from the X-ray tube 3 of the front imaging system 1 and a signal is read 
out from the X-ray detector 4 of the front imaging system 1, a signal is read out from the X- 
ray detector 6 of the lateral imaging system 2 to remove an electric charge generated by the 
scattered X-rays. After the signal is read out, when the X-rays are generated by the X-ray 
tube 5 of the lateral imaging system 2 and a signal is read from the X-ray detector 6 of the 
lateral imaging system 2, a signal is read out from the X-ray detector 4 of the front imaging 
system 1 to remove an electric charge generated by the scattered X-rays. 
[0006] Although the influence of each of the scattered X-rays between the front imaging 
system 1 and lateral imaging system 2 can be removed by the above-mentioned method, the 
imaging is performed by a double cycle of the minimum cycle of each X-ray detector. That 
is, an effective frame rate (the number of the frames per unit time) decreased to half of the 
maximum speed. 

[0007] As a non-limiting example, it is conceptually desirable that a cardiac imaging is 
simultaneously performed from the front and lateral sides. However, since the imaging of the 
front imaging system 1 and the lateral imaging system 2 are performed in turn at a fixed cycle 
to avoid the influence of the scattered X-rays, the time gap between the front and lateral sides 
still remains. 

[0008] In addition, a biplane X-ray diagnosis apparatus is described in Japanese Patent 
Publication (Kokai) No. 2000-102529. 

SUMMARY OF THE INVENTION 
[0009] Objects of the present invention include: to reduce the influence of scattered X-rays, 

to improve the frame rate, and to reduce the time gap between front imaging and lateral 

imaging. 



2 



[0010] According to one aspect of the invention, method for obtaining an X-ray image for an 
X-ray diagnosis apparatus including plurality of imaging systems is provided, the method 
including: collecting first scatter data using a first X-ray detector after at least one X-ray is 
irradiated from a first X-ray tube in a first imaging system; collecting second scatter data 
using a second X-ray detector after at least one X-ray is irradiated from a second X-ray tube 
in a second imaging system; collecting first image data including a scatter component using a 
plurality of X-ray detectors after at least one X-ray is irradiated from a third X-ray tube in the 
first imaging system; collecting second image data including a scatter component using a 
plurality of X-ray detectors after at least one X-ray is irradiated from a fourth X-ray tube in 
the second imaging system; and obtaining X-ray images for the first and the second imaging 
systems by subtracting the first and second scatter data from the first and second image data 
including a scatter component, respectively. 

[0011] According to another aspect of the invention, a method for obtaining an X-ray image 
using an X-ray diagnosis apparatus including a first imaging system including a first X-ray 
tube and a first X-ray detector and a second imaging system including a second X-ray tube 
and a second X-ray detector is provided, the method including: collecting scatter data using 
the second X-ray detector after at least one X-ray is irradiated from the first X-ray tube; 
collecting scatter data using the first X-ray detector after at least one X-ray is irradiated from 
the second X-ray tube and subsequently collecting the scatter data using the second X-ray 
detector; collecting, substantially simultaneously, image data including a scatter component 
using the first and the second X-ray detectors; and obtaining X-ray images imaged using the 
first imaging system and the second imaging system by subtracting the scatter data collected 
by the first and second X-ray detectors from the image data including the scatter component 
collected by the first and second X-ray detectors, wherein a collection time of the scatter data 
is shorter than a collection time of the image data including the scatter component. 
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[0012] Another non-limiting aspect of the invention includes a method for obtaining an X- 
ray image using an X-ray diagnosis apparatus including a first imaging system including a 
first X-ray tube and a first X-ray detector and a second imaging system including a second X- 
ray tube and a second X-ray detector, the method including: collecting, substantially 
simultaneously, scatter data using the first and second X-ray detectors after at least one X-ray 
is irradiated from the first X-ray tube; collecting, substantially simultaneously, image data 
including a scatter component using the first and the second X-ray detectors after at least one 
X-ray is irradiated from the second X-ray tube; and obtaining X-ray images imaged using the 
first imaging system and the second imaging system by subtracting the scatter data collected 
by the first and second X-ray detectors from the image data including the scatter component 
collected by the first and second X-ray detectors, wherein a collection time of the scatter data 
is shorter than a collection time of the image data including the scatter component, 
[0013] Another non-limiting aspect of the invention includes a method for obtaining an X- 
ray image using an X-ray diagnosis apparatus including a first imaging system including a 
first X-ray tube and a first X-ray detector and a second imaging system including a second X- 
ray tube and a second X-ray detector, the method including: collecting, substantially 
simultaneously, first scatter data using the first and second X-ray detectors after at least one 
X-ray is irradiated from the first X-ray tube; collecting second scatter data using the first X- 
ray detector after at least one X-ray is irradiated from the second X-ray tube and subsequently 
collecting the second scatter data using the second X-ray detector, subsequently collecting, 
substantially simultaneously, image data including a scatter component using the first and 
second X-ray detectors; subtracting the second scatter data from the first scatter data, thereby 
obtaining subtracted scatter data; obtaining an X-ray image by subtracting the subtracted 
scatter data from the image data including the scatter component collected by the first X-ray 
detector; and obtaining an X-ray image by subtracting the scatter data collected by the second 
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X-ray detector from the image data including the scatter component collected by the second 
X-ray detector, wherein a collection time of the scatter data is shorter than a collection time 
of the image data including the scatter component. 

[0014] An X-ray diagnosis apparatus according to another aspect of the invention includes: 
a plurality of X-ray tubes; and a plurality of X-ray detectors corresponding to respective X- 
ray tubes, wherein each of the plurality of X-ray detectors includes a first image data 
collection function for collecting image data using a first number of detection elements and a 
second image data collection function for collecting image data by a second number of 
detection elements, the second number being fewer than the first number. 
[0015] Another aspect of the invention provides a method for obtaining X-ray image by an 
X-ray diagnosis apparatus including a first X-ray tube configured to irradiate X-rays in a first 
direction, a first X-ray detector corresponding to the first X-ray tube, a second X-ray tube for 
irradiating X-rays in a second direction different from the first direction, and a second X-ray 
detector corresponding to the second X-ray tube, the method including: collecting first image 
data using the second X-ray detector based on at least one X-ray irradiated from the first X- 
ray tube; collecting second image data using the first X-ray detector based on at least one X- 
ray irradiated from the second X-ray tube; collecting third image data at a speed lower than a 
collecting speed of the second image data using the first X-ray detector based on the X-rays 
irradiated from the first and second X-ray tubes; collecting at a speed lower than a collecting 
speed of the first image data fourth image data using the second X-ray detector, substantially 
simultaneously with the collecting the third image data, based on the X-rays irradiated from 
the first and second X-ray tubes; removing a scatter component included in the third image 
data using the second image data; and removing a scatter component included in the fourth 
image data using the first image data. 
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[0016] Another aspect of the invention provides a method for obtaining an X-ray image 
using an X-ray diagnosis apparatus including a first X-ray tube configured to irradiate X-rays 
in a first direction, a first X-ray detector corresponding to the first X-ray tube, a second X-ray 
tube for irradiating X-rays in a second direction different from the first direction, and a 
second X-ray detector corresponding to the second X-ray tube, the method including: 
collecting first image data using the second X-ray detector based on at least one X-ray 
irradiated from the first X-ray tube; collecting second image data using the first X-ray 
detector based on the at least one X-ray irradiated from the first X-ray tube; collecting third 
image data using the first X-ray detector based on X-rays irradiated from the first and second 
X-ray tubes; collecting fourth image data using the second X-ray detector, substantially 
simultaneously to collecting the third image data, based on the X-rays irradiated from the first 
and second X-ray tubes; removing a scatter component included in the third image data using 
the second image data; and removing a scatter component included in the fourth image data 
using the first image data. 

[0017] Another non-limiting aspect of the invention includes a method for obtaining an X- 
ray image using an X-ray diagnosis apparatus including a first X-ray tube configured to 
irradiate X-rays in a first direction, a first X-ray detector corresponding to the first X-ray 
tube, a second X-ray tube configured to irradiate X-rays in a second direction different from 
the first direction, and a second X-ray detector corresponding to the second X-ray tube, the 
method including: irradiating at least one X-ray from the first X-ray tube; collecting first 
image data using the second X-ray detector based on the at least one X-ray irradiated from 
the first X-ray tube; irradiating at least one X-ray from the second X-ray tube; collecting 
second image data using the second X-ray detector based on the X-rays irradiated from the 
first and second X-ray tubes at a lower speed than a collecting speed of the first image data; 
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and removing a scatter component included in the second image data using the first image 
data. 

[001 8] Another aspect of the present invention includes an X-ray diagnosis apparatus, 
including: a first X-ray tube configured to irradiate X-rays in a first direction; a first X-ray 
detector corresponding to the first X-ray tube; a second X-ray tube configured to irradiate X- 
rays in a second direction different from the first direction; a second X-ray detector 
corresponding to the second X-ray tube; a controller configured to control the second X-ray 
detector to collect first image data based on at least one X-ray irradiated from the first X-ray 
tube, the first X-ray detector to collect second image data based on at least one X-ray 
irradiated from the second X-ray tube, the first X-ray detector to collect third image data 
based on the X-rays irradiated from the first and second X-ray tubes at a lower speed than a 
collecting speed of the second image data, the second X-ray detector to collect fourth image 
data, substantially simultaneously to collecting the third image data, based on the X-rays 
irradiated from the first and second X-ray tubes at a lower speed than a collecting speed of 
the first image data; and an image processor configured to remove a scatter component 
included in the third image data using the second image data and to remove a scatter 
component included in the fourth image data using the first image data. 
[0019] Another non-limiting aspect of the present invention includes an X-ray diagnosis 
apparatus, including: a first X-ray tube configured to irradiate X-rays in a first direction; a 
first X-ray detector corresponding to the first X-ray tube; a second X-ray tube configured to 
irradiate X-rays in a second direction that is different from the first direction; a second X-ray 
detector corresponding to the second X-ray tube; a controller configured to control the second 
X-ray detector to collect first image data based on at least one X-ray irradiated from the first 
X-ray tube, the first X-ray detector to collect second image data based on at least one X-ray 
irradiated from the first X-ray tube, the first X-ray detector to collect third image data based 
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on the X-rays irradiated from the first and second X-ray tubes, the second X-ray detector to 
collect fourth image data, substantially simultaneously to collecting the third image data, 
based on the X-rays irradiated from the first and second X-ray tubes; and an image processor 
configured to remove a scatter component included in the third image data by using the 
second image data and to remove a scatter component included in the fourth image data using 
the first image data. 

[0020] Another non-limiting aspect of the invention provides an X-ray diagnosis apparatus 
including: a first X-ray tube configured to irradiate X-rays in a first direction; a first X-ray 
detector corresponding to the first X-ray tube; a second X-ray tube configured to irradiate X- 
rays in a second direction different from the first direction; a second X-ray detector 
corresponding to the second X-ray tube; a controller configured to control the first X-ray tube 
to irradiate at least one X-ray, the second X-ray detector to collect first image data based on 
the at least one X-ray irradiated from the first X-ray tube, the second X-ray tube to irradiate at 
least one X-ray, and the second X-ray detector to collect second image data based on the X- 
rays irradiated from the first and second X-ray tubes at a lower speed than a collecting speed 
of the first image data; and an image processor configured to remove a scatter component 
included in the second image data using the first image data. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] A more complete appreciation of the invention and many of the attendant advantages 

thereof will be readily obtained as the same becomes better understood by reference to the 

following detailed description when considered in connection with the accompanying 

drawings. In the drawings: 

[0022] FIG. 1 is an illustration for explaining scattered X-rays; 

[0023] FIG. 2 is an illustration for explaining a conventional imaging sequence; 

[0024] FIG. 3A through 3D are illustrations for explaining scattered X-rays; 
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[0025] FIG. 4 is a block diagram of an X-ray diagnosis apparatus of a non-limiting 
embodiment; 

[0026] FIG. 5 is an illustration for explaining an imaging sequence according to the 
embodiment; 

[0027] FIG. 6A through 6D are illustrations for explaining a scattered X-rays according to 
the embodiment; 

[0028] FIG. 7 is an illustration for explaining an exemplary part of the imaging sequence of 
FIG. 5; 

[0029] FIG. 8 is an illustration for explaining an example of a two-layer type X-ray detector 
of FIG. 4; 

[0030] FIG. 9 is an illustration for explaining another example of a two-layer type X-ray 
detector of FIG. 4; 

[0031] FIG. 10 is an illustration for explaining another example of a two-layer type X-ray 
detector of FIG. 4; 

[0032] FIG. 1 1 is an illustration for explaining another example of a two-layer type X-ray 
detector of FIG. 4; 

[0033] FIG. 12 is an illustration for explaining an imaging sequence and an image 
processing of each format. 

[0034] FIG. 13 is an illustration for explaining an example of a one-layer (independent 
signal line) type X-ray detector of FIG. 4; 

[0035] FIG. 14 is an illustration for explaining an example of a one-layer (common signal 
line) type X-ray detector of FIG. 4; 

[0036] FIG. 15 is an illustration for explaining another example of a one-layer (common 
signal line) type X-ray detector of FIG. 4; 
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[0037] FIG. 16 is an illustration for explaining an imaging sequence and an image 
processing of each format; 

[0038] FIG. 17 is an illustration for explaining another imaging sequence and another image 
processing of each format; 

[0039] FIG. 18 is an illustration for explaining another imaging sequence and another image 
•processing of each format; 

[0040] FIG. 19 is an illustration for explaining another imaging sequence and another image 
processing of each format; 

[0041] FIG. 20 is an illustration for explaining another imaging sequence and another image 
processing of each format; 

[0042] FIG. 21 is an illustration for explaining another imaging sequence and another image 
processing of each format; 

[0043] FIG. 22 is an illustration for explaining another imaging sequence and another image 
processing of each format; 

[0044] FIG. 23 is an illustration for explaining another imaging sequence and another image- 
processing of each format; and 

[0045] FIG. 24 is an illustration for explaining another imaging sequence and another image 
processing of each format. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE INVENTION 
[0046] With reference to the drawings, a non-limiting embodiment of a biplane X-ray 

imaging method and a biplane X-ray imaging apparatus is explained. FIG. 4 shows a block 

diagram of the biplane X-ray imaging apparatus. The biplane X-ray imaging apparatus 

includes two or more X-ray imaging systems, for example, a front imaging system (F), and a 

lateral imaging system (L). The front imaging system F has an X-ray tube 1 1 and an X-ray 

detector 12 positioned opposite the X-ray tube 11. A patient is positioned between the X-ray 
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tube 1 1 and the X-ray detector 12. The lateral imaging system L has an X-ray tube 21 and an 
X-ray detector 22 positioned opposite the X-ray tube 21 . A patient is positioned between the 
X-ray tube 2 1 and the X-ray detector 22. 

[0047] The X-ray detectors 12 and 22 may be solid flat detectors including a plurality of 
detection elements (pixels) that change incident X-rays into an electric charge directly or 
indirectly and are 2-dimensionally arranged, for example. The X-ray tube 1 1 of the front 
imaging system is attached in one end of a C-arm located on the floor (not shown), and the 
X-ray detector 12 is attached in the other end of the C-arm. The X-ray tube 21 of the lateral 
imaging system is attached in one end of an 0-arm hung from a ceiling (not shown), and the 
X-ray detector 22 is attached in the other end of the Q -arm. A supporting machine of the C- 
arm and a supporting machine of the Q-arm are designed so that an imaging center axis 
which connects a detection center of the X-ray detector 12 to a focus of the X-ray tube 1 1 
crosses an imaging center axis which connects a detection center of the X-ray detector 22 to a 
focus of the X-ray tube 21 at the so-called isocenter. 

[0048] An F-side X-ray control unit 13 is connected to the X-ray tube 1 1 of the front 
imaging system. The F-side X-ray control unit 13 applies a high voltage between a cathode 
and a rotation anode of the X-ray tube 1 1 . Moreover, the F-side X-ray control unit 13 
supplies heating current to a cathode filament of the X-ray tube 1 1 . A heat electron emitted 
from the heated filament collides with a target of the rotation anode. Thereby, the X-rays are 
generated. An L-side X-ray control unit 23 is connected to the X-ray tube 21 of the lateral 
imaging system. The L-side X-ray control unit 23 applies a high voltage between a cathode 
and a rotation anode of the X-ray tube 21 . Moreover, the L-side X-ray control unit 23 
supplies heating current to the cathode filament of the X-ray tube 21. An F-side detector 
control unit 14 is connected to the X-ray detector 12 of the front imaging system. The F-side 
detector control unit 14 controls data read out from the F-side X-ray detector 12. An L-side 
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detector control unit 24 is connected to the X-ray detector 22 of the lateral imaging system. 
The L-side detector control unit 24 controls data read out from the L-side X-ray detector 22. 
[0049] A system controller 3 1 controls each operation of the F-side X-ray control unit 13, 
the F-side detector control unit 14, the L-side X-ray control unit 23, and the L-side detector 
control unit 24 to perform an imaging operation, and controls a memory unit 33, an image- 
processing unit 35 and a display unit 37 according to the imaging operation. 
[0050] An exemplary imaging sequence of the embodiment is shown in FIG. 5, FIG. 6, and 
FIG. 7. The imaging sequence is divided into four terms. In term (1), the X-rays are 
generated from the F-side X-ray tube 1 1, and in the next term (2), rough (low spatial 
resolution) image data is read from the X-ray detectors 12 and 22 of both the F and the L 
sides at high speed. In term (3), the X-rays are generated from the L-side X-ray tube 21, and 
in term (4), rough image data is almost simultaneously read from the X-ray detectors 12 and 
22 of both F and L sides at high speed, and fine (high spatial resolution) image data is almost 
simultaneously read from the X-ray detectors 12 and 22 of both F and L sides at low speed. 
[0051] In the non-limiting embodiment, three kinds of image data are acquired in the F-side 
imaging system and the L-side imaging system, respectively. The three kinds image data 
contain different signal components and different scatter components, respectively. When 
image processing is performed on at least two types of image data among the three types of 
image data, the scatter components of the F-side and L-side imaging systems are removed, 
and fine image data that mainly includes the signal components is obtained. 
[0052] Thus, in term (4) the F-side and L-side data read out is performed in parallel. 
Therefore, cycle time can be shortened and a frame rate caii be reduced in comparison with 
serial data read out from the L and F-sides. Moreover, although it is useful to read out the 
scatter component to remove the scatter component from each image, in the embodiment, the 
influence caused by the read out operation of the scatter component to the cycle time can be 
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reduced by reading out the scatter component at low resolution and at high speed (short time), 
considering that spatial frequency of the scatter component is low. Furthermore, by reading 
out the scatter component at low resolution and at high speed, term (2) can be shortened and a 
gap for imaging time between the F-side and the L-side can be shortened. 
[0053] The above-mentioned imaging sequence is an exemplary imaging sequence, and there 
are many variations by combining a read out format of the X-ray detector, a structure of the 
X-ray detector, and image-processing format. Read out formats include an electric charge 
read out format and a voltage read out format. Each format can be applied in the 
embodiment. Since the electric charge in a pixel capacitor remains after the data is read out 
in the voltage read out format, a flush operation is necessary to reset the pixel capacitor. 
Options for timing of the flush operation include: a flush every read out type and a flush 
every frame. Structures of the X-ray detector include: a two-layer type, a partial read out 
type (a single layer, independent signal line), and a partial read out type (a single layer, 
common signal line), for example. Moreover, image processing formats include: spatial 
correction, reuse reconstruction, low resolution conversion, and modified algorithm low 
resolution conversion. There are many possible variations of the imaging sequence by 
combining the above-mentioned options, as well as variations that will be apparent to one of 
ordinary skill in the art. Some non-limiting combinations include the following: 
[0054] (1-1) Electric charge read out format + Two layer type, 
[0055] (1-2) Electric charge read out format + Partial read out type (a single layer, 
independent signal line) + Spatial correction, 

(0056] (1-3) Electric charge read out format + Partial read out type (a single layer, common 
signal line) + Spatial correction, 

[0057] (2-1) Electric charge read out format + Partial read out type (a single layer, 
independent signal line) + Reuse reconstruction, 
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[0058] (2-2) Electric charge read out format + Partial read out type (a single layer, common 
signal line) + Reuse reconstruction, 

[0059] (3-1) Voltage read out format + Flush every read out type + Two layer type, 
[0060] (3-2) Voltage read out format + Flush every read out type + Partial read out type (a 
single layer, independent signal line) + Spatial correction, 

[0061] (3-3) Voltage read out format + Flush every read out type + Partial read out type (a 
single layer, common signal line) + Spatial correction, 

[0062] (4-1) Voltage read out format + Flush every read out type + Partial read out type (a 
single layer, independent signal line) + Reuse reconstruction, 

[0063] (4-2) Voltage read out format + Flush every read out type + Partial read out type (a 
single layer, common signal line) + Reuse reconstruction, 

[0064] (5-1) Voltage read out format + Flush every frame type + Two layer type, 
[0065] (5-2) Voltage read out format + Flush every frame type + Partial read out type (a 
single layer, independent signal line) + Spatial correction, 

[0066] (5-3) Voltage read out format + Flush every frame type + Partial read out type (a 
single layer, common signal line) + Spatial correction, 

[0067] (6-1) Voltage read out format + Flush every frame type + Two layer type + Low 
resolution conversion, 

[0068] (6-2) Voltage read out format + Flush every frame type + Partial read out type (a 
single layer, independent signal line) + Spatial correction + Low resolution conversion, 
[0069] (6-3) Voltage read out format + Flush every frame type + Partial read out type (a 
single layer, common signal line) + Spatial correction + Low resolution conversion, 
[0070] (7-1) Voltage read out format + Flush every frame type + Two layer type + Low 
resolution conversion of modified algorithm, 
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[0071] (7-2) Voltage read out format + Flush every frame type + Partial read out type (a 
single layer, independent signal line) + Spatial correction + Low resolution conversion of 
modified algorithm, 

[0072] (7-3) Voltage read out format + Flush every frame type + Partial read out type (a 
single layer, common signal line) + Spatial correction + Low resolution conversion of 
modified algorithm, 

[0073] (8-1) Voltage read out format + Flush every frame type + Partial read out type (a 
single layer, independent signal line) + Reuse reconstruction, 

[0074] (8-2) Voltage read out format + Flush every frame type + Partial read out type (a 
single layer, common signal line) + Reuse reconstruction, 

[0075] (9-1) Voltage read out format + Flush every frame type + Partial read out type (a 
single layer, independent signal line) + Reuse reconstruction + Low resolution conversion, 
[0076] (9-2) Voltage read out format + Flush every frame type + Partial read out type (a 
single layer, common signal line) + Reuse reconstruction + Low resolution conversion, 
[0077] (10-1) Voltage read out format + Flush every frame type + Partial read out type (a 
single layer, independent signal line) + Reuse reconstruction + Low resolution conversion of 
modified algorithm, and 

[0078] (10-2) Voltage read out format + Flush every frame type + Partial read out type (a 
single layer, common signal line) + Reuse reconstruction + Low resolution conversion of 
modified algorithm. 

[0079] The above-mentioned variations are explained below. 
[0080] (1-1) Electric charge read out format + Two layer type 

[0081] The electric charge read out format where the electric charge generated by the 
irradiated X-rays is read out as a current signal is applied to the X-ray detectors 12 and 22. In 
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the electric charge read out format, when the data is read out, the electric charge is removed 
from the pixel capacitor and the pixel capacitor is reset. 

[0082] FIG. 8 shows the X-ray detector 12 of the front imaging system. Since the X-ray 
detector 22 of the lateral imaging system is the same as or similar to the X-ray detector 12 of 
the front imaging system, the explanation for the X-ray detector 22 is omitted. 
[0083] On a glass substrate 41 of the X-ray detector 12, pixel arrangement layers 43 and 45 
are piled up as two layers. The first layer 45 is a usual TFT structure where a plurality of 
detection elements 47 are arranged. The second layer 43 is located between the first layer 45 
and the glass substrate 41 . Although the number of the detection elements 49 (the number of 
pixels) of the second layer 43 is fewer than the number of the detection elements 47 of the 
first layer 45, detection area of the detection elements 49 of the second layer is larger than 
that of the detection elements 47 of the first layer 45. The detection elements 49 of the 
second layer 43 are arranged in a region that is almost the same size as the size of the region 
in which the detection elements 47 of the first layer 45 are arranged. The X-rays that 
penetrate through the first layer 45 go into the second layer 43. Since the number of pixels of 
the second layer 43 is fewer than that of the first layer 45, the read out from all pixels of the 
second layer 43 is completed at higher speed (i.e., faster) than that of the first layer 45. 
[0084] As shown in FIG. 9, the detection area of the detection elements 49 of the second 
layer 43 may be almost the same as the detection area of the detection elements 47 of the first 
layer 45, and the detection elements 49 may be separately arranged in a region that is almost 
the same size as the region in which the detection elements 47 are arranged. 
[0085] Alternatively, as shown in FIG. 10, the first layer 45 may be located on a surface of 
the glass substrate 41, and the second layer 43 may be located on a back face of the glass 
substrate 41 . Alternatively, as shown in FIG. 1 1 , the first layer 45 may be located on a 
surface of a glass substrate 41-1, the second layer 43 may be located on a surface of a glass 
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substrate 41-2, and the substrates may be stacked. In this case, the glass substrate 41-1 may 
be bonded to the second layer 43, for example. 

[0086] FIG. 12 shows an imaging sequence of one cycle in the (electric charge read out 
format + Two layer type). In term (1), the X-rays are generated from the F-side X-ray tube 
1 1 . In term (1), the direct X-rays from the F-side X-ray tube 1 1 go through the patient, and 
are detected as signal components by the first and second layers 45 and 43 of the first of F- 
side X-ray detector 12. In term (1), the X-rays from the F-side X-ray tube 1 1 are also 
scattered inside the patient, and the scattered X-rays are detected as scatter components by 
the first and second layers of the L-side X-ray detector 22. 

[0087] In term (2), rough image data SI 1 is read out from the second layer 43 of the F-side 
X-ray detector 12 at high speed. The image data SI 1 includes the direct X-rays (signal 
component) from the F-side, which is hereinafter referred to as "FSiR." In term (2), rough 
image data S21 is read out from the second layer of the L-side X-ray detector 22 at high 
speed in parallel to read out of the rough image data S 1 1 from the second layer 43 of the F- 
side X-ray detector 12. The image data S21 mainly includes the scatter component caused by 
the scattered X-ray from the F-side X-ray tube 11, which is hereinafter referred to as "FScR." 
After the image data SI 1 and S21 are read out from the second layers of the F-side and L-side 
X-ray detectors, in term (3), the X-rays are generated from the L-side X-ray tube 21. In term 
(3), the scattered X-rays among the X-rays from the L-side X-ray tube 21 are detected by first 
and second layers 45 and 43 of the F-side X-ray detector 21 . In term (3), the direct X-rays 
from the L-side X-ray tube 21 pass through the patient and are detected by the first and 
second layers of the L-side X-ray detector 22. 

[0088] In term (4), rough image data SI 2 is read out from the second layer 43 of the F-side 
X-ray detector 12. Since the read electric charge is not held in the electric charge read out 
format, the image data S12 read out in term (4) does not reflect the accumulated electric 
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charge in term (1), but mainly indicates the scatter component caused by the X-rays from L- 
side and accumulated in term (3), hereafter "LScR." Moreover, in term (4), rough image data 
22 is read out from the second layer 43 of the L-side X-ray detector 22 at high speed in 
parallel to read out of the rough image data S12 from the second layer 43 of the F-side X-ray 
detector 12. Since the image data S22 read out in term (4) does not reflect the accumulated 
electric charge in term (1), the image data S22 mainly includes the signal component caused 
by the direct X-rays from L-side and accumulated in term (3), hereafter "LSiR." 
[0089] Furthermore, fine image data S13 is read out from the first layer 45 of the F-side X- 
ray detector 12 at low speed. Since the image data S13 read out from the first layer 45 in 
term (4) reflects the electric charge accumulated in term (1) and term (3), the image data S13 
includes the signal component caused by the direct X-rays from the F-side accumulated in 
term (1) and the scatter component caused by the X-rays from the L-side accumulated in term 
(3), which is referred to as "FSiF+LScF." Moreover, fine image data S23 is read out from the 
first layer of the L-side X-ray detector 22 in term (4) at low speed. Since the image data S23 
read out from the first layer in term (4) reflects the electric charge accumulated in term (1) 
and term (3), the image data S23 includes the scatter component caused by the X-rays from 
the F-side accumulated in term (1) and the signal component caused by the direct X-rays 
from the L-side accumulated in term (3), which is referred to as "FScF+LSiF." With the two 
layer type, although FIG. 12 shows that the data is read out from the first layer and the second 
layer in turn in term (4), the data is read out from the first layer in parallel to the data read out 
from the second layer. 

[0090] The image processing for the image data obtained by the sequence will now be 
explained. Regarding the F-side, since the fine image data S13 includes the signal 
component and the scatter component, it is necessary to remove the scatter component. The 
scatter component is included in the data SI 2. The scatter component has a lower space 
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frequency than that of the signal component, and even low resolution image data can be used. 
The low resolution image data S12 is converted to such high resolution image data (fine 
conversion) as the image data SI 3, and when subtraction is performed between the converted 
image data S12 related to the scatter component and the fine image data SI 3, L-side fine 
image data where the scatter component is removed can be created. 
[0091] Similarly, regarding the L-side, the image data S23 obtained in high resolution 
includes the scatter component caused by the X-rays from the F-side X-ray tube 1 1 . The 
scatter component is included in the image data S21. The image data S21 is converted to 
high resolution image data, such as the image data S23, and when a subtraction is performed 
between the converted image data S21 related to the scatter component and the fine image 
data S23, fine image data S24 where the scatter component is removed can be created. 
[0092] As described above, in the embodiment, it is possible to read out the data from the 
F-side and the L-side in parallel. Therefore, it is possible to improve the frame rate in 
comparison with the serial data read out from the L-side and the F-side. Moreover, although 
it is useful to read out the scatter component to remove the scatter component from each 
image, in the non-limiting embodiment, the influence caused by the read out operation of the 
scatter component to the cycle time can be reduced by reading out the scatter component at 
low resolution and at high speed (short time), considering that spatial frequency of the scatter 
component is low. Furthermore, by reading out the scatter component at low resolution and 
at high speed, term (2) can be shortened and a gap for imaging time between the F-side and 
the L-side can be shortened. 

[0093] (1-2) Electric charge read out format + Partial read out type (a single layer, 
independent signal line) + Spatial correction 

[0094] In the two layer type as mentioned above, the second layer where the pixels are 
arranged roughly is separated from the first layer where the pixels are arranged finely. 
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However, in a partial read out type X-ray detector (a single layer, independent signal line), 
pixels are arranged on a single layer. Rough image data is read out from specific pixels in 
terms (2) and (4), and fine image data is read out from the pixels other than the specific pixels 
in term (4). 

[0095] FIG. 13 shows the partial read out type X-ray detector (a single layer, independent 
signal line). The specific pixels shown as a double slash are assigned to read out the rough 
image data, and the other pixels 51 shown as a single slash are assigned to read out the fine 
image data. The number of the specific pixels 52 is fewer than the number of the pixels 5 1 . 
The specific pixels are separately arranged in a lengthwise direction and a crosswise direction 
such that the pixels 51 are therebetween. The specific pixels 52 in the crosswise direction are 
connected to a gate line 54 that can drive the specific pixels 52 independently from the pixels 
51 driven by a gate line 53. The specific pixels 52 in the lengthwise direction are connected 
to a signal line 56 that is independent from a signal line 55 of the pixels 5 1 . At high speed 
read out, the gate lines 54 connected to the specific pixels 52 are activated in turn, and the 
data is read out via the signal lines 56 connected to the specific pixels in turn. 
[0096] In term (2) of FIG. 12, the rough image data SI 1 is read from the specific pixel 52 of 
the F-side X-ray detector 12 at high speed, and (in parallel) the rough image data S21 is read 
from the specific pixel 52 of the L-side X-ray detector 22 at high speed. Also in term (4), the 
rough image data S12 is read from the specific pixel 52 of the F-side X-ray detector 12 at 
high speed, and (in parallel) the rough image data S22 is read from the specific pixel 52 of L- 
side X-ray detector 22 at high speed. In the same term (4), the fine image data SI 3 is read 
from the other pixels 51 of the F-side X-ray detector 12 at low speed, and in parallel, the fine 
image data S23 is read from the other pixels 51 of the L-side X-ray detector 22 at low speed. 
Although it is described in FIG. 12 that the data read out from the specific pixels 52 is 
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performed separately from the data read out from the other pixels 51 in turn, these data read 
outs are performed in parallel. 

[0097] Regarding the F-side, the low resolution image data SI 2 is converted to high 
resolution image data (fine conversion) such as the image data SI 3 to remove the scatter 
component from the high resolution image data 13. When subtraction is performed between 
the converted image data S12 related to the scatter component and the fine image data S13 
including the signal component and the scatter component, L-side fine image data where the 
scatter component is removed can be created. 

[0098] Since the partial pixels are applied to the specific pixels 52, signals from the specific 
pixels 52 are lacking in the image data SI 3. Since the partial pixels are applied to the 
specific pixels 52 in the independent partial read out type, signals are lacking that correspond 
to the specific pixels on the image data. When the image data S13 where a scatter component 
is removed by subtraction is spatially corrected, the data corresponding to the specific pixels 
is interpolated. 

[0099] Similarly, regarding the L-side, in order to remove the scatter component from the 
fine image data S23 including the signal component and the scatter component, the rough 
image data S21 including the scatter component is converted to high resolution image data 
such as the image data S23, the fine converted image data S21 including the scatter 
component is removed from the image data 23 including the signal component and the scatter 
component. Thereby, the fine image data that mainly has the signal component is created. 
When the image data S23 where the scatter component is removed by subtraction is spatially 
corrected, the data corresponding to the specific pixels is interpolated. In this way, the frame 
rate can be improved, the influence caused by the read out operation of the scatter component 
to the cycle time can be reduced, and the gap for imaging time between the F-side and the In- 
side can be shortened. 
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[00100] (1-3) Electric charge read out format + Partial read out type (a single layer, common 

signal line) + Spatial correction 
[00101] As shown in FIG. 14, the signal lines 55 may be commonly used for the specific 
pixel and other pixels in the partial read out type. The gate line 54 of the specific pixel 52 is 
independent from other gate lines 53 of other pixels 51. Since the image processing for 
subtraction is the same as or similar to what is explained in (1-2), the explanation is omitted. 
Through this configuration, the frame rate can be improved, the influence caused by the read 
out operation of the scatter component to the cycle time can be reduced, and the gap for 
imaging time between the F-side and the L-side can be shortened. 

[00102] In addition, in type (1-3) as shown in FIG. 15, the specific pixel 52 may be adapted 
per line. Specific gate lines 54 separated in the lengthwise direction by predetermined gate 
lines 53 are adapted. Several pixels connected to the specific gate line 54 and located on the 
same line are used as the specific pixels when the rough image data is read out. The rough 
pixel data SI 1, S12, S21, and S22 are read out when the specific gate lines 54 are driven in 
order. The data is read out from the all signal lines 55 during the driving of the specific gate 
lines 54. In this type, the conventional composition of the X-ray detector can be used. 
[00103] (2-1) Electric charge read out format + Partial read out type (a single layer, 

independent signal line) + Reuse reconstruction 
[00104] This type is different from (1-2) mainly with respect to the image processing. In (1- 
2), the data of the specific pixels that cause the signal lack is interpolated by using the spatial 
correction. On the other hand, as shown in FIG. 16, the data of the specific pixels that cause 
the signal lack in the fine image data S13 and S23 where the scatter component is removed 
by the subtraction, is interpolated by the rough image data SI 1 that includes the signal 
component and that is read out from the specific pixels of the F-side X-ray detector 12 in 
term (2). Regarding the L-side, the rough image data S22 that mainly includes the signal 
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component and that is read out from the specific pixels 52 of the L-side X-ray detector 22 in 
term (4) is used for the interpolation. Since the image data SI 1 mainly includes the signal 
component by the direct X-rays from the F-side and includes little scatter component, the fine 
image data mainly including the signal component can be obtained. 

[00105] (2-2) Electric charge read out format + Partial read out type (a single layer, common 

signal line) + Reuse reconstruction 
[00106] This type is different from type (1-3) mainly in terms of image processing. In this 
image processing, the data of the specific pixels that cause the signal lack in the fine image 
data SI 3 and S23 where the scatter component is removed by subtraction, is interpolated by 
the rough image data SI 1 that mainly includes the signal component and is read from the 
specific pixel 52 of the F-side X-ray detector 12 in term (2). Regarding the L-side, the rough 
image data S22 that mainly includes the signal component and read out from the specific 
pixels 52 of the L-side X-ray detector 22 in term (4) is used for the interpolation. 
[00107] (3-1) Voltage read out format + Flush every read out type + Two layer type 
[00108] Unlike the electric charge read out format, in the voltage read out format, an electric 
charge is held in the pixel capacitor even after the read out. Therefore, after the rough image 
data S12 is read out from the second layer of the F-side X-ray detector 12 in term (2) and 
before the X-rays are irradiated from the L-side in term (3), as shown in FIG. 17, a flush 
operation that resets the electric charge of the pixel capacitor of the second layer is 
performed. By the reset, mixing of the signal component with the image data S 12 can be 
reduced, and the scatter component can be enhanced. 

[00109] Similarly, the flush operation that resets the electric charge of the pixel capacitor of 
the second layer is performed after the rough image data S22 is read out from the second 
layer of the L-side X-ray detector 22 in term (2) and before the X-rays are irradiated from the 
L-side in term (3). By the reset, mixing of the scatter component with image data S22 can be 
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reduced, and the signal component can be enhanced. Moreover, after the image data S12 and 
S13 is read out from the first and second layers of the F-side X-ray detector 12 in term (4) 
and before the X-rays are irradiated from the F-side in the following cycle, the operation that 
resets the electric charge of the pixel capacitor of the first layer and the second layer is 
performed. By this reset, the carry-over of the electric charge to the following cycle can be 
reduced. Similarly, after the image data S22 and S23 is read out from the first and second 
layers of the L-side X-ray detector 22 in term (4) and before the X-rays are irradiated from 
the L-side in the following cycle, the operation that resets the electric charge of the pixel 
capacitor of the first layer and the second layer is performed. By this reset, the carry-over of 
the electric charge to the following cycle can be reduced. The image processing is the same 
as or similar to (1-1). 

[00110] (3-2) Voltage read out format + Flush every read out type + Partial read out type (a 

single layer, independent signal line) + Spatial correction 
[00111] Although the flush operation is performed in the above-mentioned voltage read out 
format, it is similar to a case where the electric charge read out format of (1-2) is changed to 
the voltage read out format. In this case, on the F-side, the pixel capacitor of the specific 
pixel 52 is reset in term (2) after the read out of the image data SI 1. All pixel capacitors 
including the specific pixel 52 and other pixels 51 are reset after the read out of the image 
data S12 and S13 in term (4). Similarly, the pixel capacitor of the specific pixel 52 of the L- 
side is also reset after the read out of the image data S21 in the term (2), and all pixels 
including the specific pixel 52 and other pixels 51 are reset after the read out of the image 
data S22 and S23 in term (4). The image processing is similar to the image processing of (1- 
2). On the F-side, the data corresponding to the specific pixels 52 that cause the signal lack 
in the image data SI 3 where the scatter component is removed by subtraction, is interpolated 
using the spatial correction. Similarly, on the L-side, the data corresponding to the specific 
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pixels 52 that cause the signal lack in the image data S23 where the scatter component is 
removed by subtraction, is interpolated using the spatial correction. 

[00112] (3-3) Voltage read out format + Flush every read out type + Partial read out type (a 

single layer, common signal line) + Spatial correction 
[00113] When the voltage read out format is used instead of the electric charge read out 
format of (1-3), since the electric charge is held, the flush is also performed. On the F-side, 
the pixel capacitors of the specific pixels 52 are reset after the image data SI 1 is read out in 
term (2), and the pixel capacitors of all pixels including the specific pixels and the other 
pixels are also reset, after the image data S12 and S13 is read out in term (4). On the L-side, 
the pixel capacitors of the specific pixels 52 are reset after the image data S21 is read out in 
term (2), and also the pixel capacitors of all pixels including the specific pixels and the other 
pixels are reset, after the image data S22 and S23 is read out in term (4). 
[0100] The image processing is the same as or similar to what is explained in (1-3). 
Regarding the F-side, the data corresponding to the specific pixels 52 is spatially interpolated. 
Similarly, regarding the L-side, the data corresponding to the specific pixels is spatially 
interpolated. 

[0101] (4-1) Voltage read out format + Flush every read out type + Partial read out type (a 
single layer, independent signal line) + Reuse reconstruction 

[0102] This type is different from (3-2) mainly with respect to the image processing. As 
shown in FIG. 18, the image processing is performed by a reuse reconstruction instead of 
spatial correction. On the F-side, the data of the specific pixels that cause the signal lack in 
the fine image data S13 and S23 where the scatter component is removed by subtraction, is 
interpolated by the rough image data S 1 1 that includes the signal component read out from 
the specific pixels of the F-side X-ray detector 12 in term (2). Regarding the L-side, the 
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rough image data S22 that mainly includes the signal component read out from the specific 

pixels 52 of the L-side X-ray detector 22 in term (4) is used for the interpolation. 

[0103] (4-2) Voltage read out format + Flush every read out type + Partial read out type (a 

single layer, common signal line) + Reuse reconstruction 
[0104] This type is different from (3-3) mainly with regard to the image processing. As 
shown in FIG. 18, the image processing is performed by reuse reconstruction instead of 
spatial correction. On the F-side, the data of the specific pixels that cause the signal lack in 
the fine image data SI 3 and S23 where the scatter component is removed by subtraction is 
interpolated by the rough image data SI 1 that includes the signal component read out from 
the specific pixels of the F-side X-ray detector 12 in term (2). Regarding the L-side, the 
rough image data S22 that mainly includes the signal component read out from the specific 
pixels 52 of the L-side X-ray detector 22 in term (4) is used for the interpolation. 
[0105] (5-1) Voltage read out format + Flush every frame type + Two layer type 
[0106] This type is different from (3-1) mainly with respect to the image processing and the 
timing of the flush operation. The timing of the flush operation is shown in FIG. 19, which 
shows that the electric charge of the pixel capacitor of the second layer of the F-side and the 
L-side X-ray detectors 12 and 22 is not reset in term (2). After the image data S12 and S13 is 
read out from the first and second layers of the F-side X-ray detector 12 in term (4) and 
before the X-rays are irradiated from the F-side in the following cycle, the operation that 
resets the electric charge of the pixel capacitor of the first layer and the second layer is 
performed. Similarly, after the image data S22 and S23 is read out from the first and second 
layers of the L-side X-ray detector 22 in term (4) and before the X-rays are irradiated from 
the L-side in the following cycle, the operation that resets the electric charge of the pixel 
capacitor of the first layer and the second layer is performed. 
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[0107] Since the electric charge of the pixel capacitor of the second layer of the F-side and 
the L-side X-ray detectors 12 and 22 in term (2), the rough image data SI 2 and S22 read out 
in term (4) includes the signal component and the scatter component. To remove the signal 
component from the image data S12 to obtain the scatter component, the image data SI 1 
mainly including the signal component is subtracted from the image data S12 including both 
the signal component and the scatter component. The fine image data that is converted from 
the image data S 12 mainly including the scatter component is subtracted from the fine image 
data S13 including both the signal component and the scatter component to obtain the fine 
image data that includes almost none of the scatter component. The image processing for the 
L-side is the same as or similar to (3-1). 

[0108] (5-2) Voltage read out format + Flush every frame type + Partial read out type (a 

single layer, independent signal line) + Spatial correction 
[0109] This type is different from (3-2) mainly with regard to image processing and timing 
of the flush operation. As flush shown in FIG. 19, the electric charge of the pixel capacitor of 
the second layer of the F-side and L-side X-ray detectors 12 and 22 is not reset in term (2). 
To remove the signal component from the image data S12 and to obtain the scatter 
component, the image data SI 1 mainly including the signal component is subtracted from the 
image data S12 including both the signal component and the scatter component. The fine 
image data that is converted from the image data S12 mainly including the scatter component 
is subtracted from the fine image data S13 including both the signal component and the 
scatter component to obtain the fine image data that includes almost none of the scatter 
component. When the spatial correction is performed to the fine image data SI 3 that does 
not include the scatter component, the data corresponding to the specific pixel is interpolated. 
The image processing for the L-side is the same as or similar to (3-2). 
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[0110] (5-3) Voltage read out format + Flush every frame type + Partial read out type (a 

single layer, common signal line) + Spatial correction 
[01 1 1] This type is different from (3-3) mainly with respect to image processing and timing 
of the flush operation. As flush shown in FIG. 19, the electric charge of the pixel capacitor of 
the second layer of the F-side and L-side X-ray detectors 12 and 22 is not reset in term (2). 
To remove the signal component from the image data S12 and to obtain the scatter 
component, the image data SI 1 mainly including the signal component is subtracted from the 
image data S12 including both the signal component and the scatter component. The fine 
image data that is converted from the image data S12 mainly including the scatter component 
is subtracted from the fine image data SI 3 including both the signal component and the 
scatter component to obtain the fine image data that includes almost none of the scatter 
component. When the spatial correction is performed to the fine image data SI 3 that does 
not include the scatter component, the data corresponding to the specific pixel is interpolated. 
The image processing to the L-side is the same as or similar to (3-3). 
[0112] (6-1) Voltage read out format .+ Flush every frame type + Two layer type + Low 
resolution conversion 

[0113] This type is different from (5-1) mainly with regard to the image processing. In (5- 
1), when the image data SI 1 mainly including the signal component is subtracted from the 
image data S12 including the signal component and the scatter component, the image data 
that mainly includes the scatter component but includes almost none of the signal component 
is created. On the other hand, in (6-1), the resolution of the image data S 13 including the 
signal component and the scatter component is reduced (by low resolution conversion) as 
much as the rough image data SI 1 by a pixel skipping calculation or a local average 
calculation. When the rough image data mainly including the signal component is subtracted 
from the rough image data converted by low resolution conversion, the rough image data 1 3 
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mainly including the scatter component is created. The rough image data 1 3 is converted to 
the fine image data, and the fine image data 13 is subtracted from the fine image data. 
Thereby, the fine image data that includes almost none of the scatter component is created. 
The image processing for the L-side is the same as or similar to (5-1). 
[0114] (6-2) Voltage read out format + Flush every frame type + Partial read out type (a 

single layer, independent signal line) + Spatial correction + Low resolution 

conversion 

[0115] This type is different from the type of the above (5-2) mainly regarding image 
processing. In (6-2) as well as in (6-1), the resolution of the image data SI 3 including the 
signal component and the scatter component is reduced as much as the rough image data S 1 1 
by a pixel skipping calculation or a local average calculation. When the rough image data 
mainly including the signal component is subtracted from the rough image data converted by 
low resolution conversion, the rough image data S 1 3 mainly including the scatter component 
is created. The rough image data S13 mainly including the scatter component is converted to 
the fine image data SI 3, and the fine image data SI 3 is subtracted from the non-converted 
original fine image data SI 3. Thereby, the fine image data SI 3 that does not almost include 
the scatter component is created. The image processing for the L-side is the same as or 
similar to the (5-2). 

[0116] (6-3) Voltage read out format + Flush every frame type + Partial read out type (a 

single layer, common signal line) + Spatial correction + Low resolution conversion 
[0117] This type is different from (5-3) mainly with regard to the image processing. In (6-3) 
as well as (6-1), the resolution of the image data S13 including the signal component and the 
scatter component is reduced as much as the rough image data SI 1 by a pixel skipping 
calculation or a local average calculation. When the rough image data SI 1 mainly including 
the signal component is subtracted from the rough image data SI 3 converted by low 
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resolution conversion, the rough image data S13 mainly including the scatter component is 
created. The rough image data S13 is converted to the fine image, and the fine image data 
S13 is subtracted from the fine image data SI 3. Thereby, the fine image data S13 that 
includes almost none of the scatter component is created. The image processing to the L-side 
is the same as or similar to the (5-3). 

[0118] (7-1) Voltage read out format + Flush every frame type + Two layer type + Low 

resolution conversion of modified algorithm 
[0119] This type is different from (6-1) mainly with respect to the algorithm of the low 
. resolution conversion. In (7-1), the rough image data SI 1 mainly including the signal 
component is converted to the fine image data, and the fine image data is subtracted from the 
fine image data S13 including both the signal image data and the scatter data. The fine image 
data S13 mainly including the scatter component is created, and the fine image data SI 3 
mainly including the scatter component is subtracted from the fine image data SI 3. 
[0120] (7-2) Voltage read out format + Flush every frame type + Partial read out type (a 

single layer, independent signal line) + Spatial correction + Low resolution 

conversion of modified algorithm 
[0121] This type is different from (6-2) mainly with respect to the algorithm for low 
resolution conversion. The order between the fine conversion and the subtraction is reversed 
in comparison with (6-2). In (7-2), after the rough image data SI 1 mainly including the 
signal component is converted to the fine image data, the converted image data is subtracted 
from the fine image data S13 including the signal component and the scatter component. 
Thereby, the created fine image data SI 3 mainly including the scatter component is 
subtracted from the fine image data SI 3. 
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[0122] (7-3) Voltage read out format + Flush every frame type + Partial read out type (a 

single layer, common signal line) + Spatial correction + Low resolution conversion of 
modified algorithm 

[0123] This type is different from (6-3) mainly regarding low resolution conversion 
algorithm. The order between the fine conversion and the subtraction is reversed in 
comparison with (6-3). In (7-3), after the rough image data SI 1 mainly including the signal 
component is converted to the fine image, the converted image data is subtracted from the 
fine image data S13 including the signal component and the scatter component. Thereby, the 
created fine image data S13 mainly including the scatter component is subtracted from the 
fine image data S13. 

[0124] (8-1) Voltage read out format + Flush every frame type + Partial read out type (a 

single layer, independent signal line) + Reuse reconstruction 
[0125] This type uses the reuse reconstruction instead of the spatial correction used in (5-2). 
In (5-2), the spatial correction is performed to the image data SI 3 that includes almost none 
of the scatter component by subtraction, and the data corresponding to the specific pixels is 
interpolated. In (8-1), the data corresponding to the specific pixels on the image data S13 that 
includes almost none of the scatter component is interpolated by the rough image data SI 1 
that mainly includes the signal component that is read out in term (2). 
[0126] Regarding the L-side, the rough image data S21 that mainly includes the scatter 
component read out in term (2) is subtracted from the rough image data S22 that includes the 
signal component and the scatter component that is read out in term (4). Thereby, the rough 
image data for interpolation mainly including the signal component is created. By using the 
created imaged data mainly including the signal component, the data corresponding to the 
specific pixels on the fine image data S23 that includes almost none of the scatter component 
is interpolated. 
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[0127] (8-2) Voltage read out format + Flush every frame type + Partial read out type (a 

single layer, common signal line) + Reuse reconstruction 
[0128] In this type, reuse reconstruction is used instead of spatial correction, which is 
different from (5-3). In (5-3), the lacked data corresponding to the specific pixel is 
interpolated with the spatial correction of the fine image data that includes almost none of the 
scatter component and that is created by subtraction. In (8-2), the data corresponding to the 
specific pixels on the image data S13 that includes almost none of the scatter component and 
that is created by subtraction is interpolated by the image data SI 1 that mainly includes signal 
component read out in term (2). 

[0129] Regarding the L-side, the rough image data S21 that mainly includes the scatter 
component read out in term (2) is subtracted from the rough image data S22 that includes the 
signal component and the scatter component read out in term (4). Thereby, the rough image 
data for interpolation mainly including the signal component is created. By using the created 
imaged data mainly including the signal component, the data corresponding to the specific 
pixels on the fine image data S23 that includes almost none of the scatter component is 
interpolated. 

[0130] (9-1) Voltage read out format + Flush every frame type + Partial read out type (a 
single layer, independent signal line) + Reuse reconstruction + Low resolution 
conversion 

[0131] This type is different from (8-1) mainly about the following point. In (8-1), to create 
the fine image data mainly including the scatter component to be subtracted from the fine 
image data S13 including the signal component and the scatter component, the rough image 
data mainly including the scatter component is created by subtracting the rough image data 
SI 1 mainly including the signal component in term (2) from the rough image data S12 
including the signal component and the scatter component in term (4). In (9-1), the fine 
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image data S13 including the signal component and the scatter component in term (4) is 
converted to rough image data S13 by low resolution conversion, and the rough image data 
SI 1 mainly including the signal component in term (2) is subtracted from the created rough 
image data S13 by conversion. Thereby, the fine image data is created mainly including the 
scatter component to be subtracted from the fine image data S13 including the signal 
component and the scatter component. 

[0132] Similarly, regarding the L-side, the fine image data S23 including the signal 
component and the scatter component in term (4) is converted to rough image data by low 
resolution conversion, and the rough image data S21 mainly including the signal component 
in term (2) is subtracted from the rough image data S23. Thereby, the fine image data is 
created mainly including the scatter component to be subtracted from the fine image data S23 
including the signal component and the scatter component. 

[0133] (9-2) Voltage read out format + Flush every frame type + Partial read out type (a 

single layer, common signal line) + Reuse reconstruction + Low resolution conversion 
[0134] This type is different from (8-2) mainly about the following point. In (8-2), to create 
the fine image data mainly including the scatter component to be subtracted from the fine 
image data S13 including the signal component and the scatter component, the rough image 
data mainly including the scatter component is created by subtracting the rough image data 
SI 1 mainly including the signal component in term (2) from the rough image data S12 
including the signal component and the scatter component in term (4). In (9-2), the fine 
image data S13 including the signal component and the scatter component in term (4) is 
converted to rough image data by low resolution conversion, and the rough image data SI 1 
mainly including the signal component in term (2) is subtracted from the rough image data 
SI 3. Thereby, fine image data is created mainly including the scatter component to be 
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subtracted from the fine image data S13 including the signal component and the scatter 
component. 

[0135] Similarly, regarding the L-side, the fine image data S23 including the signal 
component and the scatter component in term (4) is converted to rough image data by low 
resolution conversion, and the rough image data S21 mainly including the signal component 
in term (2) is subtracted from the rough image data S23. Thereby, the fine image data is 
created mainly including the scatter component to be subtracted from the fine image data S23 
including the signal component and the scatter component. 

[0136] (10-1) Voltage read out format + Flush every frame type + Partial read out type (a 
single layer, independent signal line) + Reuse reconstruction + Low resolution 
conversion of modified algorithm 
[0137] In (9-1), the fine image data S13 including the signal component and the scatter 
component in term (4) is converted to rough image data by low resolution conversion, and the 
rough image data SI 1 mainly including the signal component in term (2) is subtracted from 
the created rough image data S13 by conversion. Thereby, fine image data is created mainly 
including the scatter component to be subtracted from the fine image data S13 including the 
signal component and the scatter component. In (10-1), the rough image data SI 1 mainly 
including the signal component in term (2) is converted to fine image data, and the created 
fine image data mainly including the signal component is subtracted from the fine image data 
SI 3 including the signal component and the scatter component in term (4). Thereby, the fine 
image data mainly including the scatter component to be subtracted from the fine image data 
S13 including the signal component and the scatter component is created. 
[0138] Similarly, regarding the L-side, the rough image data S21 mainly including the signal 
component in term (2) is converted to fine image data, and the created fine image data mainly 
including the signal component is subtracted from the fine image data S23 including the 
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signal component and the scatter component in term (4). Thereby, the fine image data mainly 
including the scatter component to be subtracted from the fine image data including the signal 
component and the scatter component in term (4). 

[0139] (10-2) Voltage read out format + Flush every frame type + Partial read out type (a 

single layer, common signal line) + Reuse reconstruction + Low resolution conversion 
of modified algorithm 

[0140] This type is different from (9-2) mainly about the following point. In (9-2), the fine 
image data S13 including the signal component and the scatter component in term (4) is 
converted to rough image data by low resolution conversion, and the rough image data SI 1 
mainly including the signal component in term (2) is subtracted from the rough image data 
SI 3. Thereby, fine image data is created mainly including the scatter component to be 
subtracted from the fine image data S13 including the signal component and the scatter 
component. 

[0141] By contrast, in (10-2), the rough image data SI 1 mainly including the signal 
component in term (2) is converted to the fine image, and the fine image data is subtracted 
from the fine image data S13 including the signal component and the scatter component in 
term (4). Thereby, the fine image data mainly including the scatter component is to be 
subtracted from the fine image data S13 including the signal component and the scatter 
component in term (4). 

[0142] Similarly, regarding the L-side, the rough image data S21 mainly including the signal 
component in term (2) is converted to fine image data, and the fine image data is subtracted 
from the fine image data S23 including the signal component and the scatter component in 
term (4). Thereby, the fine image data mainly including the scatter component is to be 
subtracted from the fine image data S23 including the signal component and the scatter 
component in term (4). 
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[0143] In at least one of the above embodiments of the X-ray diagnosis apparatus for 
obtaining at least two X-ray images from respective directions, the influence of the scatter X- 
rays is reduced or the frame rate is improved. 

[0144] The present invention may be not limited to the above embodiments, and various 
modifications may be made without departing from the spirit or scope of the general 
inventive concept. It is therefore to be understood that within the scope of the appended 
claims, the present invention may be practiced differently than as specifically described 
herein. Although the above embodiment and modification may include various steps or 
various elements, one or more steps or elements may be arbitrarily selected. For instance, 
one or more steps or elements described as the embodiment or modification may be omitted. 
[0145] For example, the X-ray detector may be a direct change type X-ray detector that 
directly changes an incident X-rays into an electric charge, or an indirect change type that 
changes an incident X-rays into an optical signal and changes the optical signal to an electric 
charge. In the above, it is explained that a solid flat detector that includes TFT is used as the 
X-ray detectors, however other detector, such as a semiconductor-type detector or a gas-type 
detector may be used. One of semiconductor-type detectors includes arranged detection 
elements using FET and Si, for example. One of gas-type detectors uses a gas that is located 
in a sealed box, such as an ionization chamber, in order to change X-rays to electric charges. 
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